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Materials - Finishes and Coatings - Anti.Oallin•g
For Titanium Fasteners

Seizure Characteristics

Abstre.ct

The number of turns required to cause 1/2 inch hexagonal Ti 6Al-4VVnuts
to seize on 1/2 x 3 inch, MB 20008-43 type, Ti 4Al-Ih bolts under a
tension (axial) load applied to a nut and bolt assembly Val used as a
comparison criterion. Uncoated# fluoride-phosphate (Titanium Metallur-
gical Laboratory Memo, date 30 October 1956), Ti-Oxide anodic treated
(San Diego Plating Co., San Diego, California) Rardas anodic treated
(Anachrome Corp., South Gate, California), Electrofilm 66c (baked epoxy
resin - ri.,lybdenum dismltide finish, San Diego Plating Co.), silver- and
nickel-plated (Steel Improvement and Forge Co., Cleveland, Ohio);, "d heat
treated (1000%, 4 hours in air, air com1) nuts were treatedo. The test
rniiltn showed that nuts which were silver-plated or electroftlm coated
were about equal to each other and superior to the other surface treatments
in resai•ing galling. The onodic treatments used had the greatest tendency
for seizure, in som cases greater than that or the be= nuts used as a
ntandard of comparison.

Reference: Reechen, R. R., Keller, E. E.,p Sutherland, W. H.,
"Titanium Anti-Galling Treatment for Threaded
Ansembly," Genernl Dynamicl/Convair Report MP 58-
287, San Diego, Callfornfa, 22 recember 1958.
(Ref rfenc, at.tsached.)
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A',ILYSIS C 0 N V A I R PAGE 1 {it
77.,•PPA~ CD 3Y }•. Re5Chan SNOI, IP F'N . •l •

OHKK[OY I E.KeleiSAN D9C4 IEPORT 140. IG'.58-287CH, my t . E-. Keller MODEL R- 702Srvtl t o ny 
DATE L2-22-58

prt ,. -58-287
Tintanium Anti-Gai ng. Tr'eatment
for Threaded Aesembly - A7

tT,&.tmrnc the torque-tension relationrhip and galling characteristics of titanium
,.t bx�ba and an surface treated by seven.different pr~cesces,vhen installed on

•*•:titanium boltEs.

.- ohr that silver plating on U &aaum and eiectfmrilm 66C per avair apect..:
r,',-Lion 0-0-5000 are two surf,-,e treatmenmt vhich will .'r-atly reduce any calling

or selzur! of titanium nuts to bare titanium bolts. Nickel plating on titaniuz,
c~ntt ;;rer ting of titanium at 100001 for four hours,, and the Hard" Process anodzic
"ratr-en'. 1.)y Pchromr Corp. se three surface treatments that ae no better,, en

-1-n ro-n inr'.tanccei less recilitant to gml-1iný than bare to be" titanius wat and boJlt.

f;. r•,,e-phoaphate treatment for titanium .Mr the ti-oxide mwic tretatont by
o-n DIcg, lating, Co. are about equal and slightly mqre rwglstant to als i•g than

!Ac Iare nut used as e aondar4.

• . S

1...tr: Type ", 1/2 X r titazUm. bolte Vith the awefurttm or tW
M8 20008-43 for et'.el bolte.

. .fc-: t:- Type 64, 1/8" X 7tM" hexagonal titanium vfers procse alo&1 w-t.the mts. Wafers wre• used an a str•r to meamw an di.ensol,,ll•

"he ute or dfeerea of titanium mats due to aP cess tretmcrt..

•~ollovAn cwthoda .

""i) sght ,M t1talum.nuts n o procesolmg,usd a "it.a'"de

b) E1Zft mrts man two vafers prcessed by the r•uords--Pghate
chemical converSion method as outlined In the BatteU, mem oat
W-30-56. Pncessing dGone 1A the Il,,te:ei n d Procesee.
Laboratory, ,.

o ) Lt cht mat. aa two voaters J1ven te U-2!144, anodle -Uvtr et bv'
the San e FtIn 4MU Co.

da) Zight auto *rM*two visfers processed byp the Anaebrome.Cr. Sou~th
G3te• .Callf. and given the lHa•dau Poeena amd~ie tremcnt. ... •

,A14 V
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___________________ ATE 12-22-58

IT PX~I?,tM (Ccntinued)

E) ight DutG vm4 ' ovfr acrflc 66C per Conv ir Specifica-
tion 0-05000 by th4 U Eda.~i DboPlating CO.

r) Two silver-R1at-t-d ruIts p~roc(-used by the Steel In~provement and
Forge Co. of CJnvelarnd, Ohio. Silver plate thickness .0005 ik.~

e)1Vo nickel-narta - ru~ts proc oeued by the Ct~el b~ravemnent and
Forg~e Co. oi' Cl --vr-1vnd, Chto. Nickel, plate thickn~ess .0005 ix.

b) hre titantui rout ad wr~ o vafer heat tmte at 1000* for fbrAI
ho~urs an recw%- fron :%rnsce ord air cooled. Heat tresatneit
done by 4at-rla'.u etd I'mcuseea Yr-tolunieal M~eet Treat Lab.

A Wpclal jig 1Aw Dow"-bet-A (JiG. 1) vhich %vuld pendt the noantlnc~ of
the rjolt and gut ou the Tin.Ivq ClseY3 UniverwAl Testing MackiMit, ther~tV Pro-

* Avdlyig a Meaw ot eolying n tormica LIoMi of -0,000 IbS. for the staft of
eaich test. Whe load v" vied to the startfte P0ta" beft3* doitin an torVWO

MS w clrUnut Vilch a k.mA toTrq~e vlw*%

Theýý)" Wench woom;e 1- slit* Vu &'At &~M rotated to be ribt, tbMUec se
fc.AS this sm t.13 tho VIejteqt tozr~re Jn ftt'lb shova ftth

* ~ rvr-~hdial Vai ftqMM44& -ýb lI*, Wpm' an the U1niu testIZZ MWdUe* V%
vaso :r&nmjded. ASt hin 701P~t the v'rucmi Vai hmke4 Ofr 90 to the wkiit1
pogit,%oft. wvak tory~e was reordw4 cmi also tension w1own on the 4tet..
M-AhInie Was I uIf~te "2c tŽv renrI2 rvuihed the starting pos'AttM*

-qb *UjM lqy~g oa4 of 10,0M Its Woo theni &alm qiPlis 10 the Jig tqftfl,o~ytj the nut the oer-, thjydi, foUwt* e*M. t1imes. gpoew
ma Tiea~ted until In~ o" 'ý*et* WWImg' Or rftrqw gaull4 oC te 04 GZA
Z-tDlt ýAryedv vaa evident.

A rmrr cadmim~ plated 6"~j vWAsh v1A Lx~rk*tc Wtvw the bswted wct and
totex Plate eatb tb1 a trftawl nut vas testc. C(flfa x)

the2 styrtodo at tit@-a c1~ lto wee tested On to*k W3ts

onme at the chank erAt of thie bolt einj then am. at the svry end ef t*%w tlt*

* ~ zt erý li.tcd V) 1r7bU) I e-. eiu~~ia1~ im F15ure 2.
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DAT 12- 22- 58

east No. of rt.lbs.Tarque 7t.lbs keeak- T*iOn Load TMISIOU Load

Nr Nt 0.5 200 Seizure - Bolt Fimaturd when1 backed off

1, 50 U 2

1 18 -V11#250 00
1. 50 35 1, 5m(
5 55 4.5 31,880
6 65 50 u,6oo
7 T5 55 u, 56o

Test sto~pp. at this point.

1.5 3) 11l) 9,50
30 ,380

6 45.9 370

8 75 50 12,00 10 3195

669150 80 J21,65,0

.100 9).U,450,&
rW L511,950 90700
6.0 .0 1217900 9,550

61 915 55 L 251,0 0a
15F- o0 12,400 9,8)0
96 95) 10 121,300 90

11 ,00 9 9,800)LOD5 1110 9,8900
13125 1.20 11,9W 9 bo9 t

19 125 utpp 8w 9,80

ath Ua point.

ro~ s
4

ole-,
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TAMZ I (Comm=)

Test No. of Ft.lbs.Torqiue Flt.lb. Beak- Tension Load Tenoon Load
NO. _•imen Rotations B•eured gM 'OM Recorded Balo.s

5 m cbtof".lm
16( 1 40 2D 11,600 9,000
2 40 3D 12,0009,0
3 45 25 12,100 9,
14 50 30 12,300 9,900
5 60 40 12,400 10,000
6 65 40 12,200 9,900
7 65 50 12,300 9,900
a 75 55 12,300 9,900
9 85 60 12,200 10,006

10 90 60 12,100 9,900
1 90 70 12,100 9,900
12 100 90 12,000 9,900
13 10w 3 12,000 9,900

110no 100 12,000 9o900
15 1.M 100 12,000 9,900
16 130 110
17 130 iZ) 10,100
18 140 13) 11,800 9,900
19 140 130
2D 110 130
21 150 130 11,700
• 150 1.30
23 L60 130
214 160 1140
25 160 130 D
26 160 140 9,800
27 170 11o0 9,9DD
28 170 150
29 180 150 11,600
30 180 150 34:,600 ;a,"
31 O00 Test stoppd - misure of m bt t

at tAs point.

6 Nickel 1 1 10 10,850 -
Plated Test stopped - setzure of mwA MA 1lt

at this point.

7 iHickel 1 200 150 10,600 9,600
Plated 2 Otopped - seizure of nut an bolt*

8 Heat Treated 1 200 stopped - seizure of rut and bolt.
1000F
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Test No. of lt.1bs.1Lrque Ft. lbe.Break- Tension load TensIon lad
No. PROCIMe rlotations peq re uam_ TM ~orqe sozded Pallms"

9silver 1 80 2D 11,000 9,150
Plated 2 90 3) 11,250 9,1450

3 90 20 1,2400 9,775
4 90 90 11,350 9,850
5 I00 80 11,300 9,850
6 110 D80 11,350 10,000
7 110 90 11,800 9,950
8 18 100 11,250 9,990
9 110 100 11,250 10,000

10 130 100 11,150 9,950
11 130 310 11,150 9,950
12 13D 18D 11,2D0 1 D;Ooo
13 130 i18 10,800 9,605
2.4 13D 18D 10,850 9,700
15 1i0 12 11,100 9,950
16 120 120 11,150 9,950

18 110 130 11,250 9,850
19 145 130 ,1,150 9,950
2D 150 110 11,150 9,900
21 150 13D 1,800 10,000
22 150 130 31,050 9,950
23 150 140 11,100 10,000
24 155 140 11,100 10,000
25 160 140 11,05 10,000
26 160 140 12,300 9,800
27 160 110 9,700
28 170 150 9,80o
29 180 150 9,700
30 180 150 12,300 9,700
31 180 160 12,300 .0,000
32 800 Seizure of nut to bolt.

10 Salver 1 90 50 11,170 9,660
Plated 2 70 40 11,280 10,000

3 70 50 11,360 9,64o
4 70 50 U,140 9,580
5 70 50 11,14.0 9,5W0
6 80 6D 11,31. 9,860
7 80 60 1,580 10,00
8 85 60 11,00 9,860
9 90 65 11,20 9,700

10 90 65 I0,840 9,150
U 9 7011
12 95 7 1
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r-vt No. of P.1bal.Tore a .Mlb.Bweak- Tension Load Ten•ion 'tAdI D1 ecmen Ro~tations evrjL !ay Torwq RAOU Ud

:,) lver Pl.ated
(~Onttinued)

13 100 75 ii, 350 -
14 10 5 W,8,
15 10o0 9,600

-h ut 1 150 130 10,500 8,8002 150 130 8,600

3 150 110 14,000 9,500
4 i6o )4o 11,300 9,700
5 16o 11o0 U14.00 9,700
6 200 2)O Biezur of wrt and bolt.

H T xrdas 1 20 170 11,300 9,10
xnodic 2 190 170 U, 300 8,500

""rreatzmnt 3 190 1-70 11,800 9,3)0
4 20O 1.80 - 12,000 9,500
5 00 170 12,000 9,500
6 200 A00 12,000 9,500

Stoppe4 Test - galing of nut azn
bolt from the Otart.

.3 Fluoride- 1 150 140 11,O00 9,100

•hshat, 2 160 150 11,300 9,500
Ies•ted 3 170 150 11,500 9,600

is 180 160 M,70
5 180 170 "960
6 180 170 9,500
7 180 150 " 9,600
8 18o 170 9,700
9 200 8eizure of nut and bolt.

!1 luoi-- 1 150 130 10,0 9,100

Phosphate 2 160 150 IO,00 9,150

~rz-,,4. 3 170 150 10,800 9, 450
14 170 150 10,950 9,600
5 1 160 11,000 9,900
6 10 •0 11),900 be.mw. of

vrt end bolt.
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TABLE . (CONTOUID)

Test No. of Ft.lbs.Torque tel.bs.Break- Tension Load Tension Load
No. •p_•:•men Rotations Required away Torque Recoi'4ed Release

15 Ti-xO dte 1 110 70 11,150 9,150
Treat(d 2 130 M0 11,250 9,500

3 130 110 11,250 9,600
4 140 120 11,150 9,650
5 14o 130 1-1,250 9,650
6 150 130 .1,250 9,950
7 150 130 11,150 10,000
8 150 160 11,050 Seizure of

nut mal bolt.


